The classical and the most commonly used approach for the prevention of coccidiosis in chickens is the incorporation of synthetic coccidiostats into their feed during the first weeks of their life. This approach has been challenged by consumers, objecting against residual antimicrobials and drug resistant microorganisms that may contaminate poultry products. Moreover, the coccidiostat application approach has been challenged in the last decade by the emerging regulations in the developed world, targeting the cessation of such a practice. The pressures from the consumers as well as from regulation agencies resulted in a great need for alternative methods to reduce, or completely replace the use of coccidiostats in modern chicken production. This replacement requires seeking for safer products that do not have any negative impact on the consumer's health. Such products are very much in demand, especially in organic poultry farming. The purpose of this review is to present approaches for the replacement of coccidiostat application in chickens through improvements in poultry house management, research in vaccine developments, and application of holistic natural products for the prevention of the economic losses resulting from coccidiosis.
INTRODUCTION
Coccidiosis is a major parasitic disease affecting the poultry industry worldwide. It is initiated by the exposure of chicken to a sufficient dose of coccidia that can produce clinical signs and intestinal injuries. Eimeria is a genus of Apicomplexan parasites that includes various species responsible for the development of coccidiosis. All species of Eimeria invade the lining of the intestine; however, seven species are considered of economic importance, due to their proven pathogenicity namely, Eimeria acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix, E. praecox, and E. tenella . The significant role that Eimeria hagani and E. mivati have in coccidiosis is still not well-established (Tsuji et al., 1997; Vrba et al., 2011) .
The simultaneous field infection with two or more species of Eimeria is common, in which each species causes an independent and recognizable intestinal injury, apart from the other species. Coccidia are transmitted to the host through oral fecal ingestion. The development of the parasite Eimeria includes both an exogenous phase, where oocysts sporulation takes place in the environment to become infective, and an endogenous phase, where asexual and sexual stages of development occur, thus leading to the lysis of the host intestinal tissue (Conway & Mckenzie, 2007) .
The common outbreaks by coccidiosis in chicken required a preventive interception through the past decades by the application
POULTRY HOUSE MANAGEMENT IN CONTROL OF COCCIDIOSIS
Eimeria has a high reproductive ability, thus practically it would be very difficult to keep the environment around the chickens free from these organisms. The global control of chicken coccidial infections in the poultry industry is becoming harder due to the high stocking density of the flocks. Moreover, the present global climate warming enhances coccidial multiplication. Furthermore, the resistant nature of the coccidial oocyst's wall helps protecting the oocyst from desiccation and from the harsh effects of chemical disinfectants, thus ensuring its long term survival in the farm environment. This survival helps in its consequent dissemination across the different poultry houses, via many vectors including mainly employees, equipment, rodents, and/or insects. Documented research indicated that the enhanced risks of coccidiosis are environmental and management factors, as well as hygienic practices that are exercised on the farm, including visitors, presence of feeders and drinking systems that are difficult to clean, and the high probability of carryover of this parasite from previous infected flocks (Graat et al. 1998; Belli et al. 2006) .
Reports showed that coccidial oocysts can be easily inactivated by bacteria and ammonia present in the litter after remaining in the fecal droppings for a period of three weeks (Williams, 1995) . Many poultry producers opted to remove the used litter, expose the farm house to fresh air for a period of 2-3 weeks, and then add the new fresh bedding before introducing the new flock. Other producers have relied on a thorough cleaning and disinfection of the poultry house and used equipment before the introduction of a new flock. The latter is a husbandry practice that is has been increasingly adopted, due to the decreasing efficacy of anti-coccidial drugs and the increasing use of live vaccines (Allen & Fetterer, 2002) . These hygienic practices led to the emphasis of biosecurity measures to prevent the introduction of new Eimeria spp. to the poultry house, and to sustain the reduction of the number of infective endemic oocysts carried by previous flocks. The degree of sporulation and infectivity of the oocyst count found in the litter determines the level of challenge to the chickens, and predicts the course of the disease progression in the flock, influencing significantly the epidemiology of coccidiosis.
The degree of sporulation is determined by environmental factors like temperature, humidity and aeration. Ambient temperature of 25 o C and relative humidity greater than 60% will favor the oocyst sporulation and viability (Razmi & Kalideri, 2000) . The percentage of chicken coccidial sporulation is higher in dry litter than in wet litter, which is most likely due to the buildup of bacteria, ammonia and the poor aeration in wet litter, resulting in loss of oocyst viability (Waldenstedt et al., 2001) . However, increasing litter humidity is not recommended in broiler production as it causes skin burns, footpad lesions and consequent lameness. In addition, proper ventilation is recommended for better performance of the bird, but it provides a drier litter that favors sporulation. Reducing bird density seems to be the proper management practice for reducing oocyst accumulation in the litter, and lowering the chances of occurrence of an outbreak of clinical coccidiosis (Chapman et al., 2002) .
VACCINES IN CONTROL OF COCCIDIOSIS
The development of vaccines for protecting broilers against coccidiosis targeted mainly the replacement of the practice of incorporating coccidiostats in the feed. Protective immunity against coccidiosis in chicken can be in the form of an active or passive immunity response, which confers resistance in case of an exposure to
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Eimeria in the field. The degree of resistance and reduction of pathogenic effects are evaluated by the presence of milder gross lesions, lower oocyst output, and increased performance of the birds.
The developed vaccines for coccidiosis were mostly live, divided into two categories namely, nonattenuated and attenuated vaccines. Other minor trends in the development of coccidial vaccines include subunit, recombinant, and DNA-based vaccines.
It is of paramount importance to withdraw the anticoccidial drug from the chicken feed when the administered live vaccine contains live strains that are susceptible to that drug. It is worth noting that live vaccines usually contain strains that are sensitive to commonly used anticoccidial drugs (Peek & Landman, 2006) . Live vaccines can modulate the field strains of Eimeria by respective reduction of their resistance to anticoccidial drugs, and by lowering of their virulence through exchange of genetic information between drug-sensitive attenuated strains in the vaccine and the wild-type strains in the local population of the farm (Williams, 1998) . The use of live vaccines for broiler chickens was restrictive for a period of 50 years. Their primary use was for layers and breeders (Shirley et al., 1995) . The use of live vaccines in broiler flocks increased significantly during the last decade, mainly due to the improvement of management practices around the globe (Williams, 2002) . Live vaccines contain strains that are either attenuated (precocious strains) or nonattenuated (virulent, wild-type strains). An overview of these available commercial registered live vaccines is compiled by William (2002) and Peek & Landman (2011) (Table 1) . Live commercial vaccines are divided into non-attenuated and attenuated categories.
Non-attenuated vaccines
The mostly known commercialized non-attenuated vaccines used for protection against coccidiosis in chicken are the following: These strains are ionophore-resistant strains of E. acervulina, E. tenella, and two antigenically different strains of E. maxima. These ionophore-tolerant strains allow the use of an ionophore anticoccidial drug in the feed during the first 3 to 4 weeks, giving a chance for the immunity to be acquired for better prevention of coccidiosis outbreaks (Vermeulen et al., 2001) . The Nobilis COX ATM ® vaccine efficacy is not compromised during the application of ionophores for the control of Clostridium perfringens, the etiologic agent of necrotic enteritis in broilers. Advent ® (Novus International): This is a vaccine for broilers used in hatchery spray cabinets, or via feed spray or drinking water. The Advent ® vaccine differs from other live vaccines, in which the nonviable sporocysts are stained with ethidium bromide, allowing for a better control of the level of viable oocysts (Dibner et al., 2003) . It contains a mixture of E. acervulina, E. maxima, and E. tenella. These strains are sensitive to commonly used anti-coccidial drugs.
Inovocox ® (Embrex Inc. and Pfizer): This is a live oocyst broiler vaccine containing a mixture of E. acervulina, E. tenella, and two strains of E. maxima. It is administered in ovo on day 18 of incubation using an automated in ovo injection device (Inovoject System) (Weber & Evans, 2003; Weber et al., 2004) . The strains of coccidia included in the vaccine are sensitive to commonly used anticoccidial drugs.
Attenuated vaccines
The attenuated live vaccines do not include wild-type strains, claiming a higher safety in their applications on chicken. The following are the registered live attenuated vaccines: T contains a mixture of only three species namely, E. acervulina, E. maxima, and an embryo adapted-E. tenella. Both the Livacox ® Q and Livacox ® T are administered in single dose at 1 to 10 days of age, through hatchery spray, drinking water or feed spray.
Since live vaccines contain more than one species, the evaluation of their efficacy differs from that used for anticoccidials. The new protocols for assessment of the efficacy of live vaccines are based mainly on growth rates of vaccinated birds challenged with the virulent strains. Another secondary criterion used in these polyvalent vaccine evaluations is the feed conversion ratio. Such experimental designs avoid the determination of the oocyst production and lesion score, following the controlled challenge with the virulent strains of Eimeria (Williams & Catchpole 2000) .
Adequate reproduction in the host of the attenuated Eimeria strains is important for the efficacy of the developed live vaccines. The wild-type strains included in the non-attenuated vaccines tend to have a higher reproductive potential. The main factors involved in the reproduction potential of Eimeria strains under field conditions are summarized in Table 2 by Chapman et al. (2002) .
Attenuated vaccines develop faster than the nonattenuated vaccines due to their short life cycles; however, their fecundity or reproductive potential is lower, as shown in Table 3 (Shirley et al., 2005) . Table  3 shows the consistent larger outputs in oocysts of parent compared to precocious strains of different
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species of Eimeria. The crowding effect in nonattenuated lines, in the presence of limited epithelial cells and efficient cell mediated immunity, will result in reduced reproduction of oocysts, especially when chickens are exposed to high doses. Consequently, the lower fecundity of the attenuated lines is better for parasite reproduction, leading to enhanced immunity development.
The marked immunological diversity found among E. maxima species raises concerns about the efficacy of the developed vaccines against it. Vaccinating against one strain of E. maxima may not protect against the other E. maxima strains present in the field. Immunological relevance has been demonstrated experimentally with cross protection between strains ranging from 10 to 70 %, based on the oocyst output and lesion score (Smith et al., 2002) . The inclusion of two strains of Eimeria maxima, representing extreme immunological diversity, seems indispensable (Shirley & Bellatti, 1988) .
Subunit and recombinant vaccines
Subunit vaccines are engineered proteins derived from the virulent Eimeria parasite. The identification of specific antigens in the Eimeria spp., at different stages of its life cycle that are capable of inducing protective immunity, is a necessary step in development of subunit vaccines. Recombinant proteins of both the protozoan surface and internal antigens were identified as candidates for such vaccines. The most widely Note: Doses of oocysts given were 2x10 2 for all species except E. brunetti (1x10 2 ) and E. tenella (5x10 2 ). Codes "H";"MF" and "C" refer to parent, virulent strains and addition of "P" suffix refers to precocious lines. Wallach (1997) . The CoxAbic ® is an oil emulsion vaccine inducing maternally derived antibodies aimed at protecting the broiler progeny (Finger & Michael, 2005; Ziomko et al., 2005) . This is the only available recombinant commercial coccidiosis vaccine that transmits passive immunity through the yolk of hatching eggs to the progeny. The acquired immunity in the chicken breeders is developed against purified gametocyte antigens 230kDa, 82KDa, and 56KDa of E. maxima that are present in this recombinant vaccine (Wallach, 1997) . The immunization of the breeders by the mentioned gametocyte antigens is proven to protect their offspring from challenges with E. acervulina, E. maxima, and E. tenella, reducing oocyst output by 60-80%, in comparison to similarly challenged offspring produced by breeders that were deprived of vaccination (Wallach, 1997) .
A relevant limiting factor in the development of recombinant vaccines for protection against coccidiosis is the lack of information related to the nature of antigens responsible for the potent protective immunity against field strains. There is a great need for further investigation on the field Eimeria strainshost interaction, both at the cellular and molecular level, with the hope of the discovery of appropriate recombinant vaccines that can protect against the diversified prevalent field strains. The E. tenella genome project may be helpful in identifying the protective antigens in this parasite and their interaction with the host immune system (Shirley et al., 2007) .
DNA-based vaccines
The DNA-based vaccines that could be developed in the future to protect against coccidiosis will adopt the technology of including in the product specific genes that encode for protective immunogenic proteins of the Eimeria. These genes are administered in conjunction with promoters and enhancers. In addition, vectors are ligated to these genes to ensure their penetration to inside the chicken cells, resulting in efficient translation of the protective antigenic proteins . These directions in research, towards the development of subunit, recombinant, and DNA-based vaccines, emerged in the last two decades as a result of avoiding in the future the use of live vaccines, which, if improperly administered, will likely cause coccidiosis outbreaks. These sensitive issues about the safety of live Eimeria spp. vaccines evoked persistent arguments among scientists of their degree of benefits, requiring a dwelling in the coming section of this review about their advantages and disadvantages.
ADVANTAGES AND DISADVANTAGES OF LIVE EimEria SPP. VACCINES

Advantages of live Eimeria spp.vaccines
Live Eimeria vaccines are a practical and important alternative to the exclusive use of coccidiostats that may leave residues in poultry products for human consumption. A number of studies indicated that Eimeria vaccines provide a protection level against coccidiosis in broilers similar to that obtained by anticoccidial programs; actually, the vaccine administration through a gel at 1 day of age proved to ensure a synchronous exposure and homogeneous protection among the birds (Jenkins et al., 2012) . The use of live vaccines leads to a replacement of the drugresistant strains of coccidia in the broiler house with drug-susceptible vaccine strains. This increases the efficacy of anticoccidial drugs that are used in rotation programs with vaccines (Williams, 1998) . In addition, live vaccines allow the gradual buildup of solid immunity, and provide protection against subsequent coccidial challenges, associated with an acceptable safety and minimal tissue damage, especially with the use of attenuated vaccines (Williams, 1994) .
Disadvantages of Eimeria spp. vaccines
The produced oocysts of Eimeria spp. that are included in live vaccines have a known tendency of losing their infectivity to the host with prolonged storage periods, thus compromising their efficacy in inducing an acquired immunity in the birds (Jeston et al., 2002) . Moreover, vaccine oocyst production is costly, since their propagation is restricted to living chickens, and no cell line is yet available for their multiplication. In addition, the antigenicity of the coccidial strains can vary according to geographical locations. Thus, it is important to characterize at the molecular level the local populations of the coccidial parasite, and to determine the ability of the available live vaccines to protect against the prevalent field strains (Danforth, 1998) . Moreover, there is a risk of introducing undesirable Eimeria species present in the live vaccines
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into the farm environment. This requires the tailoring of Eimeria spp. vaccines that contain oocysts of the species that are matching in its antigenicity to the ones that are prevalent in a certain geographical area. The live vaccines carry the risk of causing economic losses when administered to immune-suppressed chickens (Anderson, 1977) . The improper administration of the live Eimeria spp. vaccines may result in asynchronous exposure to the birds, with significant variation in the number of ingested oocysts, resulting in unacceptable homogeneity of their immunities, and a possibility of coccidiosis outbreak in birds with low immune responses to protective antigens of Eimeria (Chapman et al., 2002) .
CONTROL OF COCCIDIOSIS BY HOLISTIC APPROACHES OF NATURAL PRODUCTS
Anticoccidial drugs were used effectively over the past 50 years. Their use resulted in a rapid growth of poultry industry and the affordable poultry products to the consumers. However, the increasing resistance to Eimeria species has stimulated the efforts to search for alternative control measures (Abbas et al. 2012; Kim et al. 2013; Ahmad et al. 2014 ). Holistic approach is currently searched and it is attempted by the application of herbal products for control of coccidiosis. The main researched herbs and their studied anticoccidial properties are shown below.
Artemisinin
Artemisinin is a Chinese herbal extract from Artemisia annua (annual wormwood), and A. sieberi. Artemisinin has an antimalarial effect in humans; its mode of action is attributed to the fact that artemisinin has an endoperoxide group that act against the parasite by generating highly reactive free oxygen radicals (oxidative stress) (Yang et al., 1994) . Oh et al. (1995) was the first to report that A. annua extracts have an anticoccidial activity against E. tenella, as deduced from the herb's impact on improved weight gain, improved feed conversion and reduced lesion scores. Dried Artemisia annua leaves were evaluated for their anticoccidial activity in poultry as feed additives. The leaves were added to the poultry diet at a 5% concentration for a period of 3 weeks equivalent to 17 ppm of pure artemisinin. This supplemented diet resulted in a significant protection against lesions of E. tenella in poultry. When pure artemisinin was added to the feed for a period of 4 weeks at different concentrations of 2, 8.5 and 17 ppm, it was able to significantly reduce the oocysts output from single and dual spp. infection by E. tenella and Eimeria acervulina (Allen et al., 1997; Bozkurtet al., 2013) . Similar study by Arab et al. (2006) showed the protective activity of artemisinin against E. tenella and E. acervulina, but not against E. maxima.
Betaine
The beneficial effect on performance, by added sugar beet (Beta vulgaris) to livestock feed, had been recognized for a long time. One of the ingredients of sugar beet is betaine, which is a bipolar electrolyte, choline analogue, and methyl donor. Betaine protects cells against osmotic stress, stabilizes cell membrane, and ensures normal metabolic activity in cells (Ko et al., 1994) . Coccidiosis might cause diarrhea and dehydration resulting in osmotic stress; this stress is enhanced with ionophorous anticoccidials such as salinomycin. An osmoprotectant might therefore give benefits on performance parameters when used with ionophores. Augustine et al. (1997) indicated a positive effect on performance when feeding in combination, the salinomycin (66ppm) and betaine (0.15%), to birds infected with a mixture of E. acervulina, E. maxima and E. tenella, resulting in better weight gain and feed efficiency.
Echinacea species (purple coneflower, American coneflower)
All species of Echinacea are herbaceous, perennial plants of the family Asteraceae, one of the largest families of flowering plants. Echinacea is considered one of the top 10 species of herbs known for their wound-healing and disease-resistance properties (Miller & Yu, 2004) . Echinacea is native to Central and Southwestern America. Echinacea consists of nine spp., three of which (Echinacea angustifolia, Echinacea pallida, and Echinacea purpurea) have been used medicinally in the United State and Europe, and are introduced to other countries due to the increased interest in alternative herbal medicine. Annual sales of Echinacea product were estimated at 300 billion dollars in the USA alone, including hundreds of preparations that are mostly used as remedies to treat cold, without the need for physician's prescription.
Echinacea is used for the treatment of the common cold and upper respiratory tract infections in humans, helping in reduction of the severity and duration of the cold symptoms (Caruso & Gwaltney, 2005) . It also has many other pharmacological activities, including anti-inflammatory and wound-healing properties (Speroni. et al., 2002; Raso et al., 2002) . Furthermore, it is proven to enhance the immune response against tumor growth (Currier & Miller, 2002) .
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Echinacea activates the innate immune response through macrophage activation (Goel et al., 2002) , macrophage-derived cytokine production, and activation of polymorphonuclear leukocytes and natural killer cells (Currier & Miller, 2001) , thus acting as an immunostimulant. Phagocytic activity of alveolar macrophages in rats was specifically activated by the alkamide component of Echinacea pupurea (Goel et al. 2002) . Polysaccharide constituent of the plant Echinacea purpurea were found to enhance phagocyte activity and to inhibit growth of Candida albicans and Listeria monocytogenes in mice (Roesler et al., 1991) . Moreover, certain standardized preparations of Echinacea purpurea were proven to have potent antimicrobial and antiviral activity in humans (Hudson, 2012) . Barbour et al. (2000) reported that a dose of 0.147% supplementation of Echinacea pupurea roots to broiler feeds induced immunopotentiation, reduced immunosuppression caused by Infectious Bursal Disease (IBD), and lowered infectivity by Salmonella Enteritidis. Other studies suggested a presence of modulation of the adaptive immune response due to Echinacea treatment in mice (Zhai et al., 2007) . Freier et al. (2003) showed an enhancement of humoral and innate immune responses in mice using an extract of E. purpurea. Other studies showed increased humoral response associated with an increasing antigenspecific immunoglobulin production, due to treatment with Echinacea and other herbs (Bodinet et al., 2002) . Morazzoni et al. (2005) reported that E. angustifolia extract stimulated T-cells function in murines by increasing the production of IFN-gamma. However, results concerning its benefits are conflicting, since most studies have used different preparations, thus not permitting the implementation of meta-analysis on these documented research publications to reach solid conclusions (Percival, 2000; Islam & Carter, 2005) .
Echinacea species are harvested for their roots, flower heads, seeds, or are pressed as juice of the whole plant. The main pharmaceutical components of Echinacea are caffeic acid derivatives (cichoric acid and echinacoside), alkamides, polysaccharides, cinnamic acids, glycoproteins, flavonoids, essential oils, and phenolic compounds (Liu et al., 2007) . The medicinal activity of this herb is due to a combination of cichoric acid, alkylamides, and polysaccharides, which are present in all of the three species (E. angustifolia, E. pallida, and E. purpurea), but in various amounts. It is proven that a purified phytochemical from these species does not give the same immunological activity as that resulting from the whole plant extract. The medicinal activity seems to depend on several active compounds present in the herb, working together in a synergistic manner (Randolph et al., 2005) . For this reason, using a mixture of Echinacea plant extracts resulted in a higher efficacy than using an extract from one plant alone (Bodinet et al., 2002) .
Studies on Echinacea proved its non-toxic nature at relatively high doses (Mengs et al., 1991) . Overall adverse effects are rare, and are mainly associated with gastrointestinal and skin related problems such as nausea, abdominal pain, diarrhea, itch, and rash (Huntley et al., 2005) . There are a few reports related to the therapeutic potential of Echinacea on horses (O'Neill et al., 2002) , pigs (Stahl et al., 1990) , cattle (Schuberth et al., 2002) , and three reports on its possible use in poultry diseases (Barbour et al., 2000; Allen, 2003; Böhmer, 2009 ). Allen (2003) studied the effect of the addition of ground root preparations of Echinacea purpurea (EP), at concentrations of 0.1% and 0.5% into broiler starter feed, and an administration period of 2 weeks, on the development of immunity to a live vaccine (half strength dose of Immucox ® vaccine at day 1), followed by a challenge with mixed infection of E. acervulina, E. maxima, E. tenella and E. necatrix. The weight gains before challenge were improved by the EP treatment compared with that obtained with live-vaccination alone. The EP protected the challenged broilers at age of 28 days, improving their weight gain and reducing the gross lesions. Allen (2003) noted that EP alone, without vaccination, had little effect on sustaining weight gain after challenge, suggesting that the EP's action is dependent on presence of vaccinal antigens, and that its potential use as an adjuvant, requires a concurrent administration of live vaccine. Böhmer (2009) reported an increase in laying hen lymphocyte counts due to treatments for five consecutive days with Echinacea juice, resulting in elevated Newcastle titers when the treatment was applied for only two consecutive days. Live performance was not affected and the phagocytic cells were suppressed due to two and five consecutive days of treatment. Phagocytosis of granulocytes was considerably reduced in hens and was thought to be due to the high alkamid concentrations used in the preparation. Alkamids are known to augment phagocytosis; however, a low dose
of alkamids seems necessary for this augmentation. The author concluded that, two days-stimulation by Echinacea juice is adequate to increase the immune response in layers. Based on the available information of intermittent application of Echinacea juice, EP juice showed an enhancement of performance and immunity in Ross breed-broilers. This finding is based on an experiment, using Ross breed-broilers administered orally the EP juice for three consecutive days, and repeated the administration for three times during the 35 days of rearing the birds. Moreover, EP juices induced a positive effect on cardiac muscles of fast growing broilers (Zahid, 2009 ).
Aloe vera
Aloe vera has been cited in the literature for its curative and therapeutic properties, having more than 75 biologically active compounds in it. The Aloe vera immunostimulatory effect in broilers infected with Eimeria species was reported by Akhtar et al. (2012) . Aloe vera extracts enhanced the humoral and cellular immune responses in chickens. It stimulated the macrophages-phagocytic activity, cytokines production, and induced better antibody production. Furthermore, Aloe vera reduced oocyst output and lesion scores. The results of this work were in agreement with those of Yim et al. (2011) , who tested the effects of Aloe vera against E. maxima infection. These researchers showed that oocyst shedding and lesion scores were significantly reduced in the Aloe vera treated groups; however, no data were presented in relation to production performance of the chicken included in their experimental design.
Azadirachta indica (Neem)
This plant is commonly found in African and Asian countries, and it is known for its therapeutic effects against various infectious diseases, including coccidiosis. The neem fruit, at an inclusion rate of 150 g/50 kg feed, had an anticoccidial activity against E. tenella, as concluded from oocyst output and mortality in broilers (Tipu et al., 2002) . The water extract of neem leaves has also an anticoccidial activity against E. tenella comparable to that obtained by Baycox drug (Toulah et al. 2010) . Neem had an anticoccidial effect against a mixed infection by different species of Eimeria. This effect was comparable to that produced by Amprolium drug (Biu et al., 2006) . Neem also enhanced cellular immune response and antibody production (Biu et al., 2006) . Further studies on the mode of action and dose-related adverse effects of neem on birds, because its bitterness may affect feed intake, warrants further investigation.
Emblica officinalis
Emblica officinalis is commonly known as amla, and it is used widely in Chinese herbal medicine. A very recent study indicates that amla-derived tannins have an immuno-stimulatory effect against a mixed infection of Eimeria at doses of 0.5, 0.75, and 1 mg/kg body weight as measured by improved weight gains, and decreased oocyst counts and lesion scores (Kaleem et al., 2014) .
Mushrooms and their extracts
Mushroom extracts have been increasingly sold as dietary supplements for their ability to enhance the immune system and promote health (Garcia et al., 1998) . Mushroom extracts have anti-tumor properties. Unfortunately, their potential use could lead to exposure to toxic heavy metals, such as arsenic, lead, cadmium, and mercury, and to radioactive contamination with 137Cs (Borchers et al., 2004) . Guo et al. (2004) reported the positive effects of polysaccharide extracts from two mushrooms, namely Lentinus edodes and Tremella fuciformis, and from a herb known as Astragalus membranaceus. The impact of the polysaccharides on cellular and humoral immunity of chickens infected with Eimeria tenella was evaluated. The experimental design aimed at investigating the effects of these polysaccharide extracts, which were supplemented in the feed for 1 week to chickens ranging from 7 to 14 days of age, at a level of 1 g/kg diet, in conjunction with administration of live-attenuated Eimeria vaccine. The results of this trial on unchallenged birds showed a better growth in immunized and treated birds as compared to the immunized and un-treated ones. However, when challenged with E. tenella, birds treated with the extract showed similar lesion score and lower oocysts output than birds that were only vaccinated. reported a novel immunopotentiating effect of a lectin, extracted from the mushroom Fomitella fraxinea, and injected in 18-day-old embryos. The extracted lectin protected broilers inoculated with E. acervulina at one week post hatch from weight loss, and was associated with significant reduction in oocyst output as compared to non-injected embryos. These researchers suggested that lectins act as immunopotentiators of innate immune response, and could be used as an alternative control to coccidiosis.
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PREBIOTICS AND PROBIOTICS
The prebiotic mannan oligosaccharide (MOS), derived from the cell wall of the yeast Saccharomyces cerevisiae, was used widely in poultry feeds to promote poultry gut health and performance. The mode of action of MOS differs from that of other prebiotics, due to their ability to bind to receptors in the intestinal wall, preventing pathogens to colonize the intestinal tract (Spring et al., 2000) . El-Musharaf et al. (2006) showed that dietary MOS at 1g/kg was able to reduce the number of schizonts resulting from an infection by 3500 or 5000 sporulated oocysts of E. tenella. However, this study showed that the MOS results in an insignificant decrease in fecal oocyst counts, severity of cecal lesions, and growth performance.
Another experiment by El-Musharaf et al. (2007) showed that the administration of MOS at a concentration of 10g/kg diet reduces the number of oocysts per gram of feces (OPG) of birds that were infected at day one with a mixture of E. acervulina, E. maxima, and E. tenella, at doses of 900, 570 and 170 of sporulated oocysts respectively, when compared to infected controls deprived of MOS. In addition, a significant reduction of Eimeria acervulina-induced lesions by MOS was documented (p < 0.05); however, this treatment did not reduce the lesions induced by E. maxima and E. tenella. McCann et al. (2006) reported that a supplementation of MOS at 0.5g/kg and tannins at 0.5 g/kg diet, individually or combined, did not reduce the severity of the infection by E. acervulina, E. maxima, and E. tenella at sporulated oocyst doses of 15,000 and 50,000. Further studies must be carried out to include different concentrations of MOS and different oocyst doses challenging the birds at different ages, in order to conclude about the benefit of MOS in control of coccidiosis in poultry.
The use of probiotics for poultry was proposed in order to competitively exclude the colonization of intestinal pathogens, especially after the European Commission banned the inclusion of antibiotics in poultry feeds. Probiotics are effective against a variety of pathogens, including Clostridium perfringens (La Ragione et al., 2004) , which is a secondary infectious agent that flourishes in the presence of injuries resulting from Eimeria spp. Probiotics promote growth, feed efficiency, egg production and egg mass in poultry (Jernigan et al., 1985; Jin et al., 1997) . Probiotics are effective against Eimeria due to their proven ability to reduce its invasion and development. Lactobacillussupplemented feed enhanced local cell mediated immunity in E. acervulina-infected broilers (Dalloul. et al. 2005) . The co-administration of probiotic with Eimeria vaccination resulted in improved performance compared to vaccination alone (Klein 2009 ).
Last but not least, the work on the prebiotics mannan oligosaccharides (MOS) and Lactobacillus are not yet conclusive as to their anti-coccidial effect, and further investigations are needed.
CONCLUSIONS/FUTURE DIRECTIONS
This review presented approaches targeting the replacement of coccidiostat application in poultry production as alternative controls. This review discussed the impacts of management, vaccines, natural products, prebiotics and probiotics, individually or in combination, on the control of different species of Eimeria causing coccidiosis in chickens.
The management of the litter and ventilation, providing the proper moisture level in order to prevent very dry litter, has been proven reduce oocyst sporulation and multiplication.
The developed and commercialized vaccines are protective against coccidiosis; however, the vaccination is very sensitive to management, and any failure during the administration of vaccines may cause vaccine failure or even an outbreak by the live vaccine strains. In addition, the presence of diversity in the same Eimeria spp. strains could lead to their escape from the vaccine response. Therefore, more research is needed on safer recombinant vaccines that can cover a wider range of these coccidial strains. The holistic herbal approach for the replacement of coccidiostats seems promising, including the research related to the Echinacea and neem herbs. 
